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ABSTRACT: Copper(II) carboxylates and their complexes especially with nitrogen donor ligands have 
already been widely studied but copper(II) carboxylates containing long alkyl chains are rarely reported. 
Long chain copper complexes are more soluble in less polar organic solvents and thus it may be expected 
that such systems will be more effective as selective, molecular homogenous catalysts. We hereby report the 
synthesis of a new copper(II) caprylate or octanoate of formula [Cu2(µ-O2CC7H15)4(4-CNpy)2] (4-CNpy = 4-
cyanopyridine) and characterize by single crystal X-ray diffraction. From crystal structure analyses, the 
compound is found to be dimer with the familiar paddle-wheel or lantern geometry. In the structure, each 
copper(II) atom has distorted square pyramidal geometry and are bridged by the carboxylate anions. 
Substituted pyridine ligands occupy the apical positions through the pyridyl nitrogen atom.  

Keywords: crystal structure; dicopper complex; caprylate; paddle-wheel; 4-cyano-pyridine. 
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I. INTRODUCTION 

A large part of coordination chemistry comprises of 
copper(II) complexes and they are very interesting 
owing to their wide range of applications [1-5]. A large 
number of dimeric paddle wheel type copper(II) 
carboxylate adducts, [Cu2(OOCR)4L2], have been 
reported where L is an apical ligand with a nitrogen 
atom. Research has been done on these type of 
complexes whether to clarify the factors influencing the 
intramolecular magnetic exchange interactions that 
occurs between the Cu(II) ions in a paddle-wheel unit or 
to investigate their catalytic properties etc [6, 7]. 
Copper(II) carboxylates with higher carboxylic acids e.g. 
those with longer alkyl groups, can exhibit thermotropic 
columnar mesophases and can be used as wood 
preservatives [8-10]. Kozlevčar et al., had reported that 
dimeric complexes with the carboxylic (fatty) acids of 
different length are especially interesting owing to their 
biological activity as in preserving woods from the wood 
destroying fungi Trametes versicolor and Antrodia 
vaillantii [11]. Dinuclear copper(II) carboxylates because 
of their lower magnetic moments differ significantly from 
the other polymeric or monomeric Cu(II) complexes. 
They show antiferromgnetic coupling and indeed studies 
on the magnetic properties of such complexes as 
exemplified by ‘‘Cu2(µ−Ο2CCH3)4(H2O)2’, copper(II) 
acetatate monohydrate, opened new vistas in the field 
of molecular magnetism [12]. 
Coordination compounds of long chain caprylato 
(octanoato) and caprato (decanoato) ligands were 
reported to show fungicidal activity [11]. Copper(II) 
caprylate complexes with nicotinamide and N,N-
diethylnicotinamide as apical ligands and copper(II) 
caprylate and copper(II) caprates bearing pyridine 
ligands are known [11, 13]. A mononuclear copper(II) 
decanoate complex with ammonia and water as ligands 

was also reported [14]. Kozlevčar et al., reported 
dimeric copper(II) decanoate with urea ligand [15]. 
However, dimeric caprylate complex of dimeric 
copper(II) containing substituted pyridine ligand like 4-
cyanopyridine have not been reported yet as confirmed 
from searching in Cambridge Structural Database 
(CSD). Herein, we present the single crystal X-ray 
structure of dimeric paddle wheel copper(II) complex 
having long chain carboxylic acid and substituted 
pyridine ligand namely [Cu2(µ-O2CC7H15)4(4-CNpy)2]. 
The chemistry of the complex is discussed in some 
detail. 

II. MATERIALS AND METHODS 

The reagents and solvents used in this work were 
obtained from commercial sources and employed 
without further purification. The single crystal X-ray 
diffraction data of the complex were recorded using a 
Bruker Smart Apex II X-ray diffractometer.  

A. Preparation of [Cu2(µ-O2CC7H15)4(4-CNpy)2] 
CuSO4.5H2O (0.749 g, 3m mol) was dissolved in 
methanol (25 ml). To this solution, sodium caprylate 
(C7H15COONa; 0.997 g, 6m mol) and 4-cyanopyridine  
(0.312 g, 3m mol) were added and the mixture was 
stirred for 2 h. The resulting green product was filtered 
off, washed with small volumes of methanol and dried in 
a vacuum desiccator over fused CaCl2 (yield 82%). The 
product was dissolved in acetonitrile to get a greenish 
homogeneous solution which was allowed to 
concentrate by evaporation at room temperature. Single 
crystals suitable for X-ray diffraction was obtained from 
this solution after one day and collected by filtration.  
(i) X-ray Crystallographic Procedure 
The copper(II) complexes have been characterized by 
single crystal X-ray diffraction. Suitable crystals were 
picked up for X-ray crystallographic work by microscopic 
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examination. The structures were solved by direct 
methods (SHELXS-97) and standard Fourier 
techniques, refined on F2 using full matrix least squares 
procedures (SHELXL-97) with SHELX-97 incorporated 
in WinGX [16, 17]. Structural illustrations were drawn 

using ORTEP-III for Windows and Mercury [18-20]. The 
non-hydrogen atoms were refined with anisotropic 
displacement parameters for all the structures. 
Crystallographic and structure refinement details for the 
compound are listed in Table 1. 

Table 1: Selected crystallographic data for [Cu2(µ-O2CC7H15)4(4-CNpy)2]. 

Details [Cu2(µ-O2CC7H15)4(4-CNpy)2] 
Crystal system, space group Triclinic, �1� 

Wavelength 0.71073 Å 
Unit cell dimensions a = 8.7834(4) Å, b = 9.7007(4) Å, c = 15.2529(7) Å 

α = 78.826 (3)≡, β = 87.470(3)≡, γ = 78.887(3)º 
Volume 1224.72(9) Å3 

Z, Calculated density 3, 1.635 g/cm3 
Absorption coefficient 1.365 mm-1 

F(000) 624 
Theta range for data collection 1.39 to 28.47º 

Index ranges -11<= h< 11, -11<=k<=12, -16<=l<=20 
Reflections collected / unique 15548 / 7940 [R(int) = 0.0825] 

Program package SHELX-97 
Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7940 / 3 / 528 
GooF* on F2 0.934 

Final R indices [I>2�(I)] R1 = 0.0621, wR2 = 0.1471 
R indices (all data) R1 = 0.0940, wR2 = 0.1600 

(Shift / esd) max 0.000 
*GooF = S = {Σ[w(Fo

2-Fc
2)2] / (n-p)}½, †wR2 = {Σ[w(Fo

2-Fc
2)2] / Σ[w(Fo

2)2]}½; R1 = ΣFo- Fc/ ΣFo 

III. RESULTS AND DISCUSSION 

A. Crystal Structure of [Cu2(µ-O2CC7H15)4(4-CNpy)2]  
The ORTEP view of complex as determined by single 
crystal X-ray diffraction technique is shown in Fig. 1. 
The molecular structure is shown to have structure 
similar to that of copper(II) acetate hydrate. The two Cu 
centres in [Cu2(µ-O2CC7H15)4(4-CNpy)2] are bridged by 
the four caprylato ligands with the two apical positions 
occupied by the two 4-cyanopyridine ligands being very 
similar to that observed in acetate and benzoate 
compounds [7, 21, 22]. The centre of symmetry is the 
midpoint of the Cu···Cu axis through which the two 
copper atoms are related. With fatty acid copper 
carboxylates, similar paddle wheel dimeric structures 
are rare and only structures with pyridine, Nicotinamide 
and N,N-diethylnicotinamide as apically positioned 
ligands have been reported. Cu–Cu distance of 
2.6004(7) Å is shorter than the corresponding distance 
in [Cu2(µ-O2CCH3)4(H2O)2] (2.614 Å) as well as those in 
[Cu2(µ-O2CC7H15)4(Et2nia)2] (2.6273 Å) and [Cu2(µ-
O2CC7H15)4(nia)2] (2.6127 Å) but no bond is present 
between the two Cu atoms [23]. Equatorial Cu–O 
distances vary from 1.949(11) Å to 2.014(10) Å (Table 
2) but axial Cu–N distance is longer which is 2.208(9) Å. 
The long Cu−L distance where L is an axial ligand is 
considered to be normal for [Cu2(µ-O2CR)4L2] type of 
structures [24]. In the dimer one pair of hydrocarbon 
chains has the common zigzag conformation while the 
other pair is distorted which probably facilitates efficient 
packing. From the O−Cu−O and O−Cu−N angles (Table 
2), it can be seen that CuO4N has distorted square 
pyramidal structure. The O−Cu−O has bond angle in the 
range 86.9(4)° to 167.7(4)° while O−Cu−N has in the 
range 91.0(4)° to 100.9(4)°. The Cu atom lies 0.1659 Å 

above the mean plane formed by the four basal O 
atoms towards the coordinated N atom. 

 

Fig. 1. ORTEP representation of complex [Cu2(µ-
O2CC7H15)4(4-CNpy)2]. 

From the packing diagram it is evident that the crystal 
structure of [Cu2(µ-O2CC7H15)4(4-CNpy)2] is stabilized 
by C−H···O and C−H···N hydrogen bonds (Fig. 2). The 
hydrogen bridges result in the formation of a three 
dimensional supramolecular network. The observed H-
bonding interactions are shown in Table 3. 
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Table 2: Selected bond lengths [Å] and angles [°°°°] for [Cu2(µ-O2CC7H15)4(4-CNpy)2]. 

Distances/ Å 
Cu(1)-O(1) 1.949(11) Cu(2)-O(2) 1.927(11) 
Cu(1)-O(3) 2.001(8) Cu(2)-O(4) 1.982(9) 
Cu(1)-O(6) 2.014(10) Cu (2)-O(5) 1.984(9) 
Cu(1)-O(7) 1.951(10) Cu(2)-O(8) 1.895(11) 
Cu(1)-N(1) 2.208(9) Cu(2)-N(2) 2.203(11) 

Cu(1)-Cu(2) 2.6004(7)   
    

Angles/º 
O(1)-Cu(1)-O(3) 167.7(4) O(2)-Cu(2)-O(4) 171.7(4) 
O(1)-Cu(1)-O(6) 91.1(4) O(2)-Cu(2)-O(5) 89.1(4) 
O(1)-Cu(1)-O(7) 86.9(4) O(2)-Cu(2)-O(8) 88.7(5) 
O(3)-Cu(1)-O(6) 88.7(4) O(4)-Cu(2)-O(5) 88.9(4) 
O(3)-Cu(1)-O(7) 91.0(4) O(4)-Cu(2)-O(8) 91.9(5) 
O(6)-Cu(1)-O(7) 169.0(4) O(5)-Cu(2)-O(8) 170.2(5) 
O(1)-Cu(1)-N(1) 94.8(4) O(2)-Cu(2)-N(2) 97.5(5) 
O(3)-Cu(1)-N(1) 97.6(4) O(4)-Cu(2)-N(2) 90.8(4) 
O(6)-Cu(1)-N(1) 91.0(4) O(5)-Cu(2)-N(2) 98.0(4) 
O(7)-Cu(1)-N(1) 100.9(4) O(8)-Cu(2)-N(2) 91.7(4) 

Table 3: Geometric parameters of the hydrogen bonds in [Cu2(µ-O2CC7H15)4(4-CNpy)2]. 

Hydrogen bonds 
D−H···A d(D−H)/Å d(H···A)/Å d(D···A)/Å ∠(DHA)/° 

C(31)-H(31)...O(5) 0.93 2.580 3.175 122 
C(36)-H(36B)...O(6) 0.97 2.774 3.593 142 

C(7)-H(7B)...O(8) 0.97 2.857 3.674 142 
C(6)-H(6B)...N(4) 0.97 2.765 3.627 149 

C(37)-H(37B)...O(8) 0.97 2.808 3.631 143 

 

Fig. 2. Packing diagram of [Cu2(µ-O2CC7H15)4(4-
CNpy)2] showing C−H···O and C−H···N interactions. 

Our investigation has made it possible to develop a 
facile method to prepare dimeric copper(II) caprylate 
having paddle wheel geometry. A lot of dimeric paddle 
wheel copper(II) complexes have been reported till date 
[8, 25] but those with long chain carboxylate as ligand 
are only a few in number. In spite of the presence of 
long chain alkyl groups, it has been possible to 
determine the crystal structure satisfactorily. Petrič et 
al., [14] reported a two step synthesis of dimeric Cu(II) 
caprylate complexes with pyridine ligand. However, our 
synthesis is quite a simple one step synthetic process 
for preparation of dimeric Cu(II) caprylate complex with 
substituted pyridine ligand. Further, the air stable 
product was also isolated in better yield compared to the 
previously reported method. 

IV. CONCLUSION 

We have presented the synthesis and characterization 
of a new dimeric long chain caprylato bridged copper(II) 
complexes displaying the paddle wheel geometry. 

Crystal data for the complex:Triclinic, �1�,a = 8.7834(4) 
Å, b = 9.7007(4) Å, c = 15.2529(7) Å, 
α = 78.826 (3)º,  β = 87.470(3)º , γ = 78.887(3)º, V = 
1224.72(9) Å3,Dc =1.635 g/cm3 and Z = 3. 

V. FUTURE SCOPE 

Long chain alkyl groups in the carboxylato ligands 
imparts mesogenic characteristics to the copper(II) 
complex under study. This property could be exploited 
for further application such as in sensors. The 
synthesized long chain complex could also be studied 
for its microbial and fungicidal activity since the 
presence of bridging fatty acids along with apically 
positioned ligands are found to be bioactive [7, 8]. 
Thermal decomposition studies of the complex could 
also be carried out to analyze the nano morphology by 
varying reaction criteria under feasible conditions. 
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